Genetic variation of Oryza sativa L. landraces (LRs) collected from the saline coastal belt of Bangladesh, modern varieties (MVs), as well as Pokkali, Nona Bokra and salt tolerant modern varieties (SMVs) derived from the last two were analyzed with 60 evenly distributed rice microsatellite DNA markers. A total of 196 reproducible polymorphic alleles were identified from the band loci. Heterozygosity among the 31 LRs was found to be 0.57, 0.46 in the 5 MVs and 0.40 in the 8 SMVs. Computation of genetic similarity with this data, using Jaccard's coefficient followed by UPGMA clustering, divided the landraces into 6 distinct groups. Three groups were composed of LRs only from the highly saline southwest. Two groups consisted of LRs from the mild to moderately saline mid-east and northeast coasts. The sixth group was heterogeneous, with LRs from the northeast, LRs from the southwest and Nona Bokra. Pokkali and Gunshi, a LR of the southwest, branched out individually. When all the 46 O. sativa L. cultivars were clustered together, most of the MVs and SMVs were found to be linked within the heterogeneous group. The measure of seedling Na and K concentration, Na/K ratios, affected leaf area as well as survival under salinity stress in hydroponics identified 6 LRs from the highly saline southwest as the most tolerant. These group with Pokkali when UPGMA clustering using the Pearson product-moment correlation coefficient suitable for the quantitative physiological data on seedling saline stress was computed. Morphological observations of plant type and height, days to maturity and yield components in non-saline soil indicated low variability among the different LRs. When yield performance as well as tolerance scores were considered, 7 LRs from the southwest and 1 LR from the mid-northeast show potential as donors for breeding salt tolerant rice. The microsatellite fingerprinting analysis thus revealed that some of the salt tolerant landraces of the coastal region have unique polymorphic loci, quite distinct from the popular salt tolerance donor Pokkali. The similarity matrices between the O. sativa L. cultivars chosen for the study can be used as a valuable tool for the proper choice of parents for mapping or breeding purposes.
Introduction
The Sundarban forest area spans one-third of the southern portion of 3 districts in Bangladesh and is known to be highly saline. From the west to east, these are respectively, Satkhira, Khulna and Bagerhat. Salinity levels gradually decline from west to east; Satkhira being highly saline with 70% of the area having soil salinity levels of 4-16 dS/m (Karim and Iqbal, 2001 ). Further eastwards, there are the coastal regions of Patuakhali, Barguna, Barisal and Pirojpur. These areas are slightly saline (2-4 dS/m), with some pockets being non-saline. The coastline extends northeastwards, where there are the districts of Lakshmipur, Noakhali and Feni. The salinity in Noakhali is moderate (4-8 dS/m), and extends to larger areas compared to Lakshmipur and Feni. The coastal line moves southwards into Chittagong and Cox's Bazaar, where there are pockets of high salinity as well as mild levels (Karim and Iqbal, 2001 ). In general, coastal salinity levels start gradually increasing from November at the beginning of the dry season and peaks in March until start of the annual rains, from April till October. Variations in the salinity levels from the west to the east coast are due to rivers flowing into the basin from the north and through into the Bay of Bengal (Karim and Iqbal, 2001 ). In the moderate to highly saline southwest coastal areas, farmers can only grow a single rice (O. sativa L.) crop during the monsoon season when the salinity levels are relatively low. In the rainfed lowlands of Satkhira and Khulna in the southwest, landraces still account for 80% of the top 20 rice varieties, despite introduction of modern varieties (Bose et al., 2001) . Soil salinity in this region can be moderate even during the monsoon season, if there is lower than average or early rainfall. The popular landraces of this region are therefore well adapted to the prevailing soil stresses, including soil salinity. In the slight to moderate saline northeastern coast, farmers grow Aus rice, which is planted in the dry season in late March, when soil and canal water salinity levels are known to be moderate (Panaullah, 1993) . Landraces in the eastern coast of Noakhali and Feni form 60% of the top 20 varieties grown there in the dry season (Bose et al., 2001 ). These varieties should therefore possess some resistance to salt stress, particularly at the seedling stage.
Landraces have been shown to be excellent sources of genes for novel alleles (Evenson and Gollin, 1997; Guevarra et al., 2001; Hoisington et al., 1999; Jackson, 1999; Tanksley and McCouch, 1997) . More than 4000 traditional Bangladesh rice accessions or landraces have been collected and registered at a rice gene bank in the Bangladesh Rice Research Institute (BRRI) for medium-term storage and an identical set is held in trust at IRRI for longer storage (Bashar and Sarker, 1997; Jackson, 1999) . Core selections of rice germplasm from many countries, including Bangladesh are being analyzed at IRRI for identification of new alleles and molecular markers for future use in enhancing the productivity of rice cultivars (IRRI; Medium Term Plan 2002-4). There has however been no systematic study of the traditional cultivars from Bangladesh. This paper is an effort at identifying traditional landraces from the coastal saline zones of Bangladesh, which could be donors for salt tolerance traits.
Breeding for salt stress tolerance in rice has been moderately successful (Mishra et al., 2001; Senadhira et al., 2002) . However, the genetic base for salinity tolerance in internationally released cultivars has originated mainly from two common salt tolerance donors, Pokkali and Nona Bokra, particularly in case of improved genotypes released for coastal salinity . Initial breeding programs using these donors resulted in moderately salt tolerant, improved cultivars. More complex crosses using a somaclonal variant of Pokkali, TCCP 266-2-49-B-B-3, which had better agronomical properties, resulted in improved cultivars with salt tolerance levels comparable to their donor parents (www.cgiar.org/irri/iris). BRRI has released two moderately salt tolerant modern varieties, photosensitive BRRIdhan 40 and BRRIdhan 41, originating from advanced IRRI lines and suitable for growth in the coastal areas of Bangladesh only in the monsoon season (BRRI, 2003) . Therefore, there is a need to widen the genetic base for donors of salt tolerance traits for adaptability to different agroecological conditions common in most coastal areas. Bangladesh coastal areas are affected by both tidal saline intrusion as well as water stagnation because of lowlands in the monsoon season (July to October), upward or lateral movement of saline ground water during the dry season (November to May) and willful inundation with brackish water for shrimp cultivation (Karim and Iqbal, 2001) . Soil profiles in the coastal areas of Bangladesh have an excess of magnesium, calcium, and sulphate and are generally deficient in zinc (Panaullah, 1993; Karim and Iqbal, 2001 ). Characterization of the landraces adapted to the variable nature of the saline coastal region of Bangladesh will help identify useful donors for new salt tolerance traits into modern varieties or indicate approaches for improving the yields of the landraces. Any improved rice variety will make major impacts in the livelihoods of the resource-poor farmers of the region, since it has been shown that introduction of modern rice varieties resulted in the production of staple food for 46% of the Bangladesh population between the years 1985-1997 (Hossain, 1998) .
Use of simple sequence repeats or SSRs as genetic markers for rice germplasm assessment has gained popularity because of the technical efficiency of its use, its codominance and multi-allelic, highly polymorphic nature as well as its uniform distribution throughout the genome Temnykh et al., 2000) . SSRs have been found to be of particular value in analysis of closely related rice genotypes (Nagaraju et al., 2002; Thanh et al., 1999) . This manuscript explores variation in 31 landraces at the molecular, physiological and morphological levels along with 15 released rice varieties, seeking to identify locations of prevalence of these landraces as well as sources of tolerance distinct from Pokkali and Nona Bokra, the standards presently used by breeders.
Materials and methods

Collection of Oryza sativa L., landraces from coastal Bangladesh
Seeds were collected from farmer's fields in the salineprone districts of Satkhira and Khulna in the southwest as well as from districts of Feni and Noakhali in the northeastern coast of Bangladesh. Farmers grow the rice (O. sativa L.) crop in the southwest during the monsoon season, from June till the end of December. Seeds and soil samples were collected from the southwest in the first week of December 2001 at crop maturity. Samples from various fields within a designated location as well as several locations within the two districts were collected and labeled separately. Seeds collected from each location were planted separately and plants visually scored for morphological uniformity. Leaves from plants of one location were used for isolation of DNA. For the northeastern coast, soil samples were collected as above from the farmer's field in April of 2002. Since farmers plant seeds at this time, seeds were collected from their stock. Rice (O. sativa L.) landraces grown in the coastal areas were also obtained from the gene bank at the Bangladesh Rice Research Institute (BRRI). These lines were collected in 1973 and were assigned accession numbers when entered into the gene bank. This information was not provided until after the fingerprinting to ensure unbiased molecular evaluation. Out of the 31 landraces tested, 20 varieties were directly from the farmer's field or seed supplies; the rest from the BRRI gene bank. The total list of 31 LRs along with their location is in Table 4 . Seeds of Pokkali, Nona Bokra, 8 salt tolerant MVs derived from these and 5 salt-sensitive BRRI and IRRI modern varieties were obtained from the BRRI breeding division. The SMVs were IRRI varieties, IR50184-3B-18-2B-1, IR51491-AC5-4, IR52724-2B-6-2B-1-1, IR58440-3B-9-2-2, IR60494-2B-18-3-2-3, IR65195-3B-13-2-3, and BRRI varieties, BRRIdhan 40, BRRIdhan 41. The MVs were IRRI varieties, IR29, IR36 and BRRI varieties, BRRIdhan 28, BRRIdhan 29 and BRRIdhan 36. Origin of the BRRI varieties is given in Table 1A and salt tolerance donors of the SMVs summarized in Table 1B .
DNA isolation
Leaves (0.5-1 gm) of the 46 O. sativa L. cultivars were obtained from a pooled sample containing at least 10 seedlings (Parsons et al., 1997) . These were cut finely, crushed to powder in liquid nitrogen and subjected to DNA isolation using the CTAB method (Doyle and Doyle, 1990) . Slight modifications to the protocol included use of sodium acetate instead of ammonium acetate to precipitate DNA after RNase treatment and additional phenol:chloroform and chloroform purification steps after preliminary DNA isolation.
Amplification of DNA using SSR primers
A total of 60 microsatellite primers, 5 primers from each chromosome were used to amplify DNA from the leaves of the O. sativa L. cultivars. List of the primers used, chromosome number and the maximum number of alleles obtained is given in Table 2 . The PCR reactions conducted in a volume of 25 µl contained 10 mM Tris-HCl (pH 8.2), 50 mM KCl, 1.5 mM MgCl 2 , 0.01% gelatin, 200 µM dNTPs, 60 ng/µl primer, 1 unit Taq DNA Polymerase (Life Technologies, USA) and 75-100 ng Template DNA. Amplification reaction consists of preheating for 5 min at 94 • C and of 35 cycles of 1 min at 94 • C (denaturation) 1 min at 55 • C-61 • C (annealing) and 3 min at 72 • C (elongation) followed by 7 min at 72 • C in a Mastercycler Gradient PCR system (EPPENDORF) (Panaud et al., 1996) . Amplified products were separated in 4% Typing Grade agarose gel (Life Technologies, USA.), containing 0.5 ng/ml EtBr (Ethidium Bromide). Separated PCR products were visualized under UV light and photographed using Kodak Electrophoresis Documentation & Analysis System, when 2-4 polymorphic bands were visualized. When no polymorphism was observed in agarose gels, the products were separated on long denaturing 6% polyacrylamide gels with a thickness of 0.4 mm (http://www.irri.org/GRC/GRChome/IRG manual/section8.pdf). Gels were pre-run, samples were denatured in loading buffer and electrophoresed for about 2 h or until the bromophenol blue remained visible. The molecular weight markers used, were 25-bp ladder (Life Technologies). Gels were stained with silver nitrate, according to the protocol by Promega. After staining, gels were dried in air and photographed.
Data analysis
For the microsatellite DNA fingerprinting of the of the O. sativa L. cultivars, polymorphisms were scored for the presence or absence of bands on agarose or polyacrylamide gels on a 1/0 basis and the data analyzed using the NTSYS-PC version 2.11f (Rohlf, 2000) . The average proportion of alleles (bands on gels)
that were shared between any two accessions was used to measure similarity using the Jaccard's similarity coefficient (Jaccard, 1908) , which is suitable for qualitative data (Rohlf, 2000) . Data on screening of seedlings for tolerance to salinity, such as, survival, area of leaf affected, reduction in leaf height, Na and K concentration and Na/K ratio under saline stress in hydroponics, were subjected to measure of similarity using the Pearson product-moment correlation coefficient (Pearson, 1896) , suitable for quantitative data (Ludbrook, 2002) . Cluster analysis on the marker and physiological data was done separately based on the similarity matrix obtained in each case, using the unweighted pair group method with arithmetic mean (UPGMA) (Sneath and Sokal, 1973) . The efficiency of the UPGMA for estimation of genetic relatedness in each case was determined by computing the cophenetic correlation coefficients (Mantel, 1967) . Expected Heterozygosity with respect to SSR marker bands obtained for the different rice varieties was calculated from the sum of squares of allele frequencies (Nei, 1973) as follows:
where, P ij is the frequency of the j th allele for marker i and the summation extends over n alleles. 
Na/K evaluation for assessment of salinity tolerance at the seedling stage
Sodium and potassium uptake by the shoots, Na/K ratio and seedling survival rates are well correlated with tolerance of the rice (O. sativa L.) plant to salinity stress (Bohra and Dorffling, 1993; IRRI, 1996 , Lee et al., 2003 . Therefore seedling survival and K and Na concentrations at seedling stage under control and stressed conditions, was measured in hydroponic systems as follows. Seeds of the LRs (20 per cultivar, 10 each for the control and stressed conditions) were germinated in 3 separate sets on netted, floating styrofoam in a completely randomized design.
The size of the float was 28 × 32 × 1.25 cm with a hundred holes. The germinated seedlings were allowed to grow in 10 liters normal Yoshida culture solution/per float until the seedlings reached the 4-leaf stage (14-18 days from germination). The ECe of the culture solution was increased to 6 dS/m for the next two days and then to 12 dS/m until 90% of the leaves of the sensitive control were damaged (23-27 days after stress application). This was done by replacing the culture solution with Yoshida solution containing, NaCl (Ponnemperuma, 1977) . The pH of the non-aerated Yoshida culture solution was adjusted to 5.0 every day and changed every five days. BRRIdhan 29 and Pokkali were used as the sensitive and tolerant controls respectively. Data for percent survival and total leaf area affected was recorded according to the Standard Evaluation System of Rice at IRRI (IRRI, 1996; Gregorio et al., 1997) . The percent reduction in shoot and root length and dry weight compared to controls were recorded for each seedling. For the measurement of sodium and potassium concentration in shoot and root at 0 dS/m and 12 dS/m, plants were washed in flowing tap water for 30 sec and 10 oven-dried plants from each replicate were pooled, ground and analyzed by a flame photometer (Jenway, UK) after 48 h of extraction with 1N HCl following the procedure described by Yoshida et al. (1976) . Concentrations were expressed as per cent of dry weight. Sodium to potassium ratio was also determined. All the data were analyzed statistically and means were separated using DMRT when a significant F-value was obtained. Regression analysis was carried out, by assuming the Leaf Na/K ratio or Na concentration as the independent variable and leaf area affected, and percent reduction in shoot height or dry weight as dependent variables. The screening was done in a screen house, in March-April, July-August and October to November, 2002, so that variation due to changes in humidity would not affect the outcome of the screening tests (Asch et al., 1995) . The temperatures and relative humidity in the screen-house varied between 30-37 • C and 50-80%, respectively. 
Field observation
Analysis of ionic composition of soil from collection sites
Soil at a depth of 10 cm from 3 locations in each harvested field where the farmer had grown a particular landrace was collected. Soil samples were collected from Satkhira and Khulna in the first week of December, when the soil salinity is low because this period coincides with the end of the monsoon season. Soil samples from Feni and Noakhali were collected in April, where the soil salinity may be moderate in certain regions at this time of the year (Panaullah, 1993) . The 3 samples from each field were dried separately, powdered and then mixed in equal proportions before analysis. Soil pH was measured in a 1:2.5 soil-water ratio and for ECe, water extract in a 1:1 ratio was used. Na, K, Ca, Mg, P, S, B and Zn were extracted and analyzed at the Regional Laboratory of the Soil Resources Development Institute (SRDI) in Comilla. Extraction of Na and K was according to the method of Helmke and Sparks (1996) ; Ca and Mg according to Suarez (1996) ; Cu and Zn according to Reed and Martens (1996) ; Fe according to Loeppert and Inskeep (1996) ; Mn according to Gambrell (1996) ; B according to Keren (1996) ; P according to Kuo (1996) and S according to Tabatabai (1996) . All the ions were analyzed by atomic absorption spectrometry, except S and B, which were analyzed colorimetrically (Page et al., 1982) .
Results
A total of 196 reproducible polymorphic bands or alleles were identified using 60 microsatellite primers after amplification of the DNA from the 46 rice genotypes. The 60 microsatellite primers were evenly distributed over the 12 rice chromosomes (Table 2) . In 66% cases, agarose gel electrophoresis was adequate in detecting polymorphism showing 2-4 alleles across the various rice varieties (Figure 1 ). Two alleles were observed for 18% of the primers, 3 alleles for 42% and 4 for 8%. When RM180 was used, 7 alleles were observed in agarose gels similar to the reported range of sizes from 104 to 200 bp (Temnykh et al., 2000) . Therefore for 32% of the primers, amplified bands were monomorphic or only a few varieties showed amplification at a second level. In these cases, polyacrylamide gel electrophoresis was used to resolve amplified DNA resulting in bands of 3-7 different molecular sizes for the different primers (Figure 2) . Genetic diversity or Heterozygosity was found to be 0.57 for the landraces (LRs) of the coastal region, while that of modern varieties (MVs) was 0.46 and salt tolerant modern varieties (SMVs) was 0.40. Genetic relatedness between the 31 LRs as well as the traditional standards, Pokkali and Nona Bokra based on their shared SSR alleles was computed using Jaccard's coefficient followed by clustering into a dendrogram (Figure 3a) . Six groups are apparent, at the coefficient value of 0.366. Three are named SW1, SW2 and SW3, all of which contain photoperiod sensitive landraces from the highly saline southwest coastal regions of Satkhira and Khulna. Two more groups, called MNE1 and MNE2 have photoperiod insensitive landraces from the mildly saline coast of the mid northeast, Noakhali, as well as non-saline Faridpur and Habigonj, further north from the above coastal region. The 6th group of the dendrogram consists of landraces from all the different coastal regions as well as Nona Bokra and is called the Het group. The internationally well-known standard for saline tolerant rice, Pokkali as well as Gunshi, a landrace grown in the mildly saline Barisal, did not group with any of the 30 other landraces. Comparison of the matrix of similarity generated with the cophenetic matrix of the dendrogram showed a good fit (r = 0.79), indicating the reliability of the groups within the tree diagram (Figure 3a) .
When the genetic similarity of all 46 cultivars, including the 31 LRs, 8 SMVs, 5 MVs as well as Pokkali and Nona Bokra, was computed as above and subjected to clustering using the Jaccard's coefficient, all the MVs and SMVs were found within the Het group (Figure 3b) , except that IR65195-3B-13-2-3, Hida and Pokkali became grouped separately and IR29 and IR36 did not group with any other cultivar.
Seedlings of 6 landraces scored well in comparison to Pokkali under 12 dS/m saline stress in hydroponic systems. These had high survival percent, low percent leaf area affected, low reduction in shoot height, low Na concentration and low Na/K ratios in shoots (Table 3) . These cultivars are Ashfal, Benapole, Jamainaru, Lakshmikajol, Patnai Balam and Horkuch, all farmer popular landraces of the Khulna region (Tables 3 and 4 ). All 6 cluster very closely with Pokkali in the dendrogram generated from the similarity matrix of scores from the above seedling screening tests using the Pearson Correlation coefficient (Figure 4) . Capsule, Morichshail and Kajalshail also performed moderately well in above stress tests at the seedling stage. Capsule grouped closely with Pokkali, while Morichshail and Kajalshail fuse at a slightly higher level. All the landraces popular in the southwest districts cluster with Pokkali when seedling stress scores were considered. In addition, Binnatoa, Kajalshail and Gunshi also group with Pokkali. Binnatoa and Kajalshail are grown in the mid-northeast. Gunshi grows in the mildly salt stressed Barisal in the mideast. All the cultivars of the mid northeast cluster with salt sensitive MV, BRRIdhan 29. Chinikanai, which is popular in the southwest also grouped with BRRIdhan 29. Dakshail and Mohini, also popular in the southwest form a group of their own with Khaiyaboro, a cultivar grown in non-saline areas away from the coast.
Morphological observations of the 31 traditional landraces in the field, in normal unstressed soil, show these to be of typical, moderate to tall plant-type, with spread-out tillers (Table 4) . Jatai Balam, Patnai Balam, Morichshail and Kachra show good yields when compared to the SMV control, BRRIdhan 40 (Table 4) . Gheegoj, Jamainaru, Lakshmikajol, Mohini, Hoglapata and Horkuch also show reasonable yields (Table 4) .
Considering the seedling screening under saline stress as well as the morphological observation of the mature plants in non-stressed condition, it can be concluded that Jamainaru, Lakshmikajal, Patnai Balam, Horkuch and Morichshail may prove to be good donors for salt tolerance traits. Ashfal has a very good tolerance score but moderate yield. Kajalshail and Raniselute gave moderate tolerance scores but have only average yields. These 8 landraces may have good potential as donors for salt tolerance traits. All of them, except for Kajalshail are grown popularly in the saline southwest district of Khulna, while Kajalshail is popular in mildly saline coastal areas in Noakhali (Table 5) .
Ionic composition of the soil from the fields where the landraces had been grown, was analyzed. Results for one field per landrace has only been reported (Table 5 ). The composition of the soil samples collected from the southwest, as well as, the northeast was generally similar in that calcium and magnesium concentrations were very high, iron high, phosphorous and zinc low, and levels of sulphate and boron toxically high. Differences included low potassium in the Figure 1 . Amplified DNA of traditional rice cultivars using microsatellite primer RM17 after resolution in 4% agarose gel. The lanes are numbered according to the serial followed in Table 3 . Lanes which are not numbered show amplified DNA from modern varieties (H). Lane M and C are 25 bp DNA ladder and PCR control respectively. a,b,c denote different accessions of the same landrace. Figure 2 . Amplified DNA of traditional rice cultivars from the southwest region using microsatellite primer RM124 after resolution in 6% polyacrylamide gel. The lanes are numbered according to the serial followed in Table 3 . Lane G, M and C show gap, 25 bp DNA ladder and PCR control respectively. Lane NB denotes Nona Bokra.
mid-northeast and high in the southwest and higher level of sulphate toxicity in the former areas.
Discussion
Thirty-one landraces of the coastal saline region were genotyped and partially characterized, twenty of which were collected directly from the farmer's fields. Farmer's preference for these landraces, despite introduction of modern varieties suggests greater adaptability of these landraces in the variable coastal environment, which includes unpredictable rainfall, variable water stagnation in low lands, depending upon the season, sea-water intrusion due to upstream withdrawal of water, again depending upon the amount of rainfall in the upper riparian areas in our neighboring country. The landraces are also adapted to the ion toxicities as well as deficiencies of the coastal soils. Investigation of the relatedness of the landraces based on their SSR alleles, separated cultivars growing in the southwest (SW1, SW2 and SW3) from those in the mid-northeast (MNE1 and MNE2). Due to lower levels of saline stress in the mid-northeast, farmers grow Aus or dry season photoperiod insensitive varieties, which are seeded in April. These are the ones forming the groups MNE1 and MNE2. Therefore genetic variation relates to adaptability of the cultivars in distinct coastal regions. The southwest coastal soil has a higher amount of Ca, K and Fe compared to the mid-northeast, while its sulfur toxicity is less (Table 5) . Its P and organic content is higher and drainage poor due to prevalence of clayey soil, in contrast to poor organic matter and clay loam soil in the mid-northeast (Karim and Iqbal, 2001) . Pokkali and Gunshi did not group with any of the landraces. Therefore, these two have distinct genetic identity. Three landraces from the southwest, 4 from the mid-northeast, 2 from non-coastal areas as well as Nona Bokra cluster together in a group named Het (heterogeneous). All the total 46 fingerprinted cultivars, including the modern varieties (MVs) as well as the salt tolerant modern varieties, clustered within the Het group (cophenetic correlation r = 0.8), with 3 exceptions. IR36 and IR29 showed independent lineage, and IR65195-3B-13-2-3, Hida and Pokkali grouped separately, although Hida was part of the Het in the dendrogram of the landraces only. Hida is actually an lowland variety, grown in Rajshahi in the North, which was mixed in as a blind sample from the BRRI germplasm bank. That is why screening tests as well as field observations were not undertaken. IR65195-3B-13-2-3 however has both Pokkali and Nona Bokra as salt tolerance donors, since TCCP266-B-B-B-10-3-1 is a somaclonal mutant of Pokkali . With the exception of two landraces, Kajalshail and Nonashail, all the cultivars in the Het group, are a part of international collections, since they have their corresponding IRGC or IRTP numbers (Table 4 ). All the landraces of the Het group are also popularly grown in many areas of the coast. Proportion of Razashail, is 1.2% of the total planted monsoon rice, including modern varieties . Patnai Balam is next forming 0.4%, Kajalshail 0.3%, while Gheegoj and Hida are grown in 0.2% of total monsoon-rice planting area .
Evaluation of the physiological response under seedling saline stress identified 6 landraces whose performance was not significantly different from Pokkali, the benchmark, or reference cultivar for assessment of tolerance. These six cultivars grouped with Pokkali in a dendrogram based on computation of similarity based on the above physiological response, using the Pearson's product moment coefficient. All the cultivars that grouped with Pokkali had low Na/K scores (0.81-1.05) while that of Pokkali was 1.03. Low Na/K ratios at the seedling stage are associated with tolerance due to Na exclusion as well as partitioning of Na into older leaves (Flowers and Yeo, 1995; Moradi Cultivars marked with an asterisk are photoperiod insensitive. Means followed by a common letter are not significantly different at the 5% level by DMRT. et al., 2003) . The capacity of plants to maintain low Na/K ratio has been correlated with their capacity for salt tolerance as reviewed by Maathuis and Amtmann (1999) and Tester and Davenport (2003) . Under IRRI's standard system of evaluation (IRRI, 1996; Gregorio et al., 1997) , all 6 landraces scored between 3-5, which was graded according to the percent leaf area affected after about a 25-day period of salt stress and when the age of the seedlings was 45 days. Under these conditions, the score of the tolerant check, Pokkali, was less than 3 and that of the sensitive check BRRIdhan 29, around 9. We found a significant dependence of the percent leaf area affected and tolerance score on Na/K ratio (coefficient of determination r 2 = 0.69 and 0.63, respectively) for all the landraces after regression analysis. Sodium concentrations were expressed as percent of dry weight and these were found to be higher than the reported val- Cultivars marked with an asterisk * are photoperiod insensitive. Means followed by a common letter are not significantly different at the 5% level by DMRT. SMV: Salt tolerant modern variety. SW1, SW2, SW3, MNE1, MNE2 and Het refer to the groups in the dendrogram in Figure 3a . 1 Non-saline coastal areas.
ues for Pokkali (Lee et al., 2003) , so that our Na/K ratios were proportionately higher for all cultivars. The higher concentration of Na can be explained by the fact that the sensitive control BRRIdhan 29 needs 5-7 days longer to score 9 compared to IR29, the sensitive standard used by IRRI. Since BRRIdhan 29 is a farmer-accepted cultivar in the non-saline coastal region, we chose it as the sensitive check.
Field observation of the morphology of the landraces in unstressed soil at the BRRI field station, identified plants with acceptable plant type and yield parameters. The morphological observations could not be made with replicated plots due to lack of seeds, particularly the ones collected from the germplasm bank at BRRI. Since the size of the manually prepared field, where the landraces were planted was small, about 23 m 2 , variability in field conditions was deemed to be insignificant. Combining good tolerance scores with good planttype, identified the following 8 landraces to be potential donors for salt tolerance traits in breeding programs, even though the variability among the landraces was too low to allow clustering. These are Jamainaru, Lakshmikajal, Patnai Balam, Horkuch, Morichshail, Ashfal, Raniselute and Kajalshail. The former 7 are all landraces from the southwest Khulna region, whereas Kajalshail is popularly grown in the mid northeast Noakhali region. All of these cultivars however, need a 10-day longer period for maturity compared to Pokkali, which may become even longer due to saline stress. If saline stress occurs in the first 60 days and is then removed, then the number of panicles per square meter is directly affected which is one of the components of yield (Bennett and Khush, 2003) . Therefore landraces that show good performance at the seedling stage are expected to contribute more towards this component of yield. Na/K ratio, have been also shown to be negatively correlated with yield in the fully-grown plant by Mishra and coworkers (2001) . In mature plants, it has been reported that tolerant cul-tivars were able to efficiently exclude sodium from the reproductive parts (Khatun et al., 1995; Moradi et al., 2003) . Therefore any genotypes showing the ability to exclude Na at the seedling stage are expected to do so when more mature. Asch et al. (2000) have shown that salinity-induced yield loss can be predicted with a high degree of confidence through Na/K ratio of seedlings when 60 days old. Yield component such as 1000-grain weight has been shown to be the least affected by salinity stress (Moradi et al., 2003) . Therefore landraces with good scores for this yield component in unstressed soil and having good scores for tolerance under seedling stress are expected to be good donors for salt tolerance traits.
In breeding programs for production of salt tolerant rice, the potential donor LRs, which grouped into Het can be crossed with SMVs within or outside the Het group (Figures 3a and b) , depending on the objective of an area-specific improved cultivar or one with broader adaptability. The LRs from the SW1, 2 or 3 groups could be crossed with SMVs like IR50184-3B-18-2B-1 which has Pokkali and SR26B as well as good yields or IR60494-2B-18-3-2-3 which has Nona Bokra and Pokkali. The above 8 landraces were also found to be Heterozygous to Pokkali with respect to the rice microsatellite marker from chromosome 1, RM140. This marker has been found to be linked to the major QTL for salt tolerance and low Na/K ratio in Pokkali (Elahi et al., 2003) . Other markers are being tested for heterozygosity, within the linked region.
The MNE group contained varieties that are grown in the northeastern coast as well as in non-saline, Narail and Faridpur, in east and central Bangladesh respectively, and Comilla and Habiganj, in the northeast. Seeds for all these landraces were from the BRRI germplasm bank and were from a collection of 1973 provided as blind samples, until after the fingerprinting was completed. It turns out that cultivars with the same name are grown in the non-saline areas above as well as the northeastern coastal areas . The common factors about these landraces are that they grow in areas, which are non-saline and where the soil has low to medium phosphorus and potassium content. We determined the heterozygosity between landraces with the same name but grown in different locations (results not shown). In all cases, the heterozygosity was less than 0.1, which was not enough to separate them, when a dendrogram was attempted.
Farmer popularity of the cultivars that performed well were noted from unpublished results of scientists from IRRI and Bangladesh . These data were collected from the department of extension (DAE) survey under the Ministry of Agriculture in 1996/97. Jamainaru was grown in 3.3% area in Bagerhat and was amongst the top 10 rice varieties grown in this area. The seeds that we used were from a 1973 BRRI gene bank collection, where the area of collection was noted as Khulna. The DAE survey showed the area under Patnai Balam cultivation in Satkhira to be 7.6% and in Khulna 3.6%, also ranking among the top 10 rice varieties to be grown. Our collections of Patnai Balam were also from farmers in Khulna as well as Satkhira. Raniselute and Morichshail, both collected from Khulna were cited to be cultivated only in 1.5% and 1% area of Khulna, respectively. Our Horkuch collection was from Khulna. However the DAE survey showed that it was grown only in 0.4% area in Satkhira. Although we collected Lakshmikajal from Khulna, the DAE survey observation was that it is grown only in 3.6% area of Lakshmipur in the northeast coast, again representing one of the top 20 rice of this area. Discrepancies between location of cultivation area may indicate shifting farmer preferences over different years. Landraces, which remain popular over years may therefore indicate their greater adaptability.
We have checked the names of the LRs against the gene bank collections at IRRI, listed in the site www.cgiar.org/irri/iris. Any entry was recorded and noted in Table 4 . Jamainaru, grouped within the Het family, is mentioned as a photoperiod insensitive variety. We however found Jamainaru to be responsive to daylength hours and therefore, photoperiod sensitive. We have fingerprinted a LR collected from the BRRI gene bank called Patnai; however we collected a LR called Patnai Balam from farmers in Satkhira. Incidentally both these LRs have the IRGC entries 31913 and 31914, respectively. On fingerprinting, we found that the Heterozygosity between these two is less than 0.1, which indicated that these cannot be separated as different cultivars. We have included only the fingerprinting data of Patnaibalam in the dendrogram in Figure 3a .
A combination of agarose as well as denaturing polyacrylamide was used to resolve microsatellite regions of the different rice cultivars from the coastal areas of Bangladesh. Using this approach, which was time-effective, adequate heterozygosity was found as reported by other authors as well (Nagaraju et al., 2002) . Although the heterozygosity is greater when AFLP (Fuentes et al., 1999) or RAPD (Parsons et al., 1997) markers are used, one can be sure that all the regions of the 12 rice chromosomes have been represented with microsatellites. Moreover genetic distance between two reference varieties like Pokkali and Nona Bokra (Singh et al., 1999) was similar to what we found in our approach as described in the discussion above. Seven cultivars, which are grown exclusively in the highly saline zones and one for the moderately saline mid-northeast, were identified with superior salinity tolerance levels at the seedling stage as well as having good agronomic properties. These landraces will be taken up for further study and their yield parameters under moderate saline stress determined. The fingerprinting results of these cultivars also indicate linkages between these and other modern varieties, including some salt tolerant modern varieties. Hence this work will assist the breeders in selection of salt tolerant donors, which are different from the traditional ones, Pokkali and Nona Bokra.
